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Direct transfer of new genetic information to keratino-
cytes in epidermis may prove effective in treating certain
genodermatoses; however, current methods for in vivo
gene transfer to skin do not lead to persistence of the
transgene. The goal of this study was to explore direct
gene transfer using retrovirus-mediated transduction.
Retroviral vectors integrate a DNA copy of their genome
into the host chromosome and therefore have the
potential to effect a permanent gene therapy. To facilitate
development of methods for in vivo transduction with
retroviral vectors, a porcine skin organ culture model
was constructed in which the denuded surface was
repopulated with replicating keratinocytes from hair
follicles and epidermal remnants. In situ transduction
was carried out by topical application of two retrovirus
vectors, MFGlacZ (107 blue forming units per ml) and
LZRN pseudotyped with the G protein of vesicular
Transfer of new genetic material to keratinocytes offersan opportunity for corrective gene therapy of cutaneousdisorders (for review see Carroll et al, 1993; Kruegeret al, 1995; Vogel et al, 1996; Khavari and Krueger, 1997).Gene transfer to keratinocytes can be accomplished in
two ways: ex vivo to keratinocytes in culture or in vivo to keratinocytes
in epidermis. Although there are advantages and disadvantages to each
method, the major problem with ex vivo gene transfer is the necessity
for surgical transplantation of the gene-altered cells back to the donor.
This surgery is likely to require full-thickness excision at the graft site,
limiting the area that can be treated as well as inducing scarring and
contracture. In vivo gene transfer to epidermal keratinocytes avoids the
necessity for surgery but has proven difficult to develop. Intradermal
injection of purified DNA (Hengge et al, 1995) or topical application
of a liposome-DNA complex (Alexander and Akhurst, 1995; Li and
Hoffman, 1995) allows direct gene transfer, but transfer rates are low
and expression is limited to a period of several days. Intradermal
injection of an adenovirus vector results in more efficient gene transfer
but again expression is limited to 2–5 d (Setoguchi et al, 1994).
Retroviral vectors have been widely used in gene therapy studies
and in human trials (Jolly, 1997). Retroviral vectors integrate a DNA
copy of their genome into the host chromosome, thereby affording a
mechanism for stable transmission of vector sequences to descendant
cells and making long-term therapy possible. Although retroviral
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stomatitis virus (VSV) (109 colony forming units per ml),
each encoding the b-galactosidase reporter gene and
the latter encoding the neomycin phosphotransferase
selectable gene. b-galactosidase expressing cells were
observed more frequently with LZRN than with
MFGlacZ; however, transduction efficiency remained
low in both instances. At equivalent titers, the VSV-G
pseudotyped retroviral vector was shown to transduce
porcine keratinocytes more efficiently than a similar
vector with the amphotropic envelope. The number of
b-gal1 cells in organ culture could be increased by
selection of LZRN-transduced cells in situ with G418. To
achieve transduction of epidermis in vivo, these studies
point out the importance of high titer retroviral vectors,
pseudotyping with VSV-G protein, and in situ selection.
Key words: gene therapy/in situ gene transfer/retrovirus. J Invest
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vectors transduce keratinocytes in submerged culture with high effici-
ency (Garlick et al, 1991), transduction of these cells in organotypic
culture has not been successful, even though fibroblasts in the matrix
are transduced (Badiavas et al, 1996). In addition, no reports of in vivo
transduction of keratinocytes in epidermis have appeared. To gain
insight into the requirements for in vivo epidermal transduction we
employed a porcine organ culture model. Pig skin resembles human
skin in thickness, in hairiness, and in its attachment to underlying
structures (Winter, 1972; Kangesu et al, 1993b). In addition, porcine
keratinocytes have been grown in culture (Regauer and Compton,
1990; Hengge et al, 1997) and retrovirus-transduced cells have been
grafted to autologous hosts (Ng et al, 1997). In this report we describe
a porcine organ culture model and manipulations required for in situ
transduction using retroviral vectors.
MATERIALS AND METHODS
Organ culture Under general anesthesia, the flanks and backs of female
Yucatan minipigs (ages 4–12 wk, Charles River Labs, Wilmington, MA) were
cleansed with detergent-free Betadine, rinsed extensively with sterile saline,
and dermabraded with a fine diamond tipped wheel driven by a rotary tool set
at 1500 r.p.m. The skin surface was lubricated with mineral oil and strips 2.5 cm
wide and µ15 cm long were excised to a depth of 1.2 mm with the aid of a
Castroviejo keratome (model E-2950 A, Storz, St. Louis, MO) outfitted with
a handpiece (Model 30, Foredom, Bethel, CT). The excised tissue was rinsed
extensively in Dulbecco’s modified Eagle’s medium and, using a disposable
8 mm punch biopsy tool, circular disks of tissue were prepared and cryo-
preserved in growth medium (to be described below) supplemented with 10%
dimethylsulfoxide. When needed, disks were quickly thawed, rinsed in several
changes of medium and maintained submerged for 24 h in a medium modified
from Regauer and Compton (1990), consisting of Dulbecco’s modofied Eagle’s
medium, 10% fetal bovine serum (Hyclone, Logan, UT), penicillin (100 U per
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ml), streptomycin (100 µg per ml), fungizone (2.5 ng per ml), and hydrocortisone
(20 ng per ml). The tissue was then placed on a polycarbonate insert in a 6
well culture plate (Transwell, Costar, Cambridge, MA) and medium added to
the lower chamber. The tissue was maintained at the air interface and fed fresh
medium every 2 d.
To monitor replication in organ culture, 20 µg bromodeoxyuridine (BrdU)
per ml was added to the medium in the lower chamber for 6 h. Labeled cells
were detected in paraffin-embedded sections using an antibody to BudR-labeled
DNA according to manufacturer’s specifications (Boehringer, Indianapolis, IN).
Growth of porcine keratinocytes recovered from organ culture To
monitor renewal in organ culture, the number of porcine keratinocytes capable
of forming colonies in tissue culture was measured. For each time point,
duplicate organ cultures were minced and incubated in a trypsin-ethylenediamine
tetraacetic acid solution (0.05% trypsin, 0.05% glucose, and 0.02% ethylene-
diamine tetraacetic acid in phosphate-buffered saline) at 37°C for two 1.5 h
periods with continuous stirring. Incubation longer than 3 h did not improve
the yield of cells from the tissue. Released cells were collected by centrifugation,
resuspended in the human keratinocyte medium (Wu et al, 1982) supplemented
with 5% fetal bovine serum, and counted in a Coulter Counter. Known
numbers of porcine keratinocytes were seeded in duplicate in 10 cm culture
dishes containing 106 γ-irradiated 3T3 cells (Rheinwald and Green, 1975) and
the number of well demarcated colonies present 14 d later was noted.
Viral vectors, titration, and transduction Four viruses were used: (i)
MFGlacZ, a retrovirus containing the Escherichia coli lacZ reporter gene, was
produced from the ψ-crip amphotropic packaging line (Jaffee et al, 1993). (ii)
LZRN, a retrovirus encoding the lacZ gene under the control of the viral 59
long-terminal repeat region and neomycin phosphotransferase gene (neor) under
the control of an internal RSV promoter. LZRN was pseudotyped with the G
protein of vesicular stomatitis virus (VSV-G) envelope protein by transiently
transfecting 293GP/LZRN cells with pHCMV-G (Burns et al, 1993). 293GP/
LZRN cells were kindly provided by Chiron Technologies, Center for Gene
Therapy, and pHCMV-G were kindly provided by Dr. Theodore Friedmann
(UC San Diego). At 36–72 h post-transfection, virus-containing supernatant
was collected, filtered, and concentrated by ultracentrifugation (Yee et al, 1994).
Aliquots of concentrated virus were stored at –80°C. (iii) VSV-G pseudotyped
MFGlacZ was generated by transducing 293GP cells with MFGlacZ retrovirus.
Clones with high levels of β-galactosidase (βgal) expression were isolated by
limiting dilution. 293GP/MFGlacZ cells were transiently transfected with
pHCMV-G and the viral supernatant was collected 36–72 h later. (iv) AdlacZ,
an E1,E3-deficient adenovirus vector encoding lacZ under the control of the
CMV promoter (Kozarsky and Wilson, 1993), was prepared as described
(Graham and Prevec, 1991).
Titers of MFGlacZ viruses were determined by transducing freshly seeded
NIH-3T3 cells with serial viral dilutions and 24 h later the cells were passed at
a dilution of 10–3 or 10–4. One week later, the number of βgal expressing
colonies were determined by staining with 4-chromo-5-bromo-3-indolyl-β-
D-galactoside (Xgal) (blue forming units per ml). Titers of LZRN were
determined by passing freshly transduced NIH-3T3 cells into G418-containing
medium and counting the number of neor colonies 10 d later (colony forming
units per ml). Titers of AdlacZ were performed as described (Graham and
Prevec, 1991).
Polybrene (8 µg per ml) was added to all retrovirus stocks prior to transduction.
No toxicity related to the addition of polybrene was noted. Transduction in
tissue culture was performed as described (Garlick et al, 1991). Transduction of
organ culture was performed by applying 10–20 µl of virus-containing medium
directly onto the surface. Care was taken in applying the inoculum, as it had a
tendency to flow off the edges of the tissue. In some experiments involving
LZRN, organ cultures were fed medium containing G418 (400 µg per ml) for
5–7 d. Under these conditions, no cells survived in control, nontransduced
organ cultures.
Histologic staining Tissue was harvested, washed in phosphate-buffered
saline and samples were snap frozen in OCT embedding compound (Tissue-
Tek, Miles, Torrance, CA) over vapors of liquid nitrogen. Sections (10 µ) were
placed on gelatin-coated slides, postfixed for 10 min in 0.25% glutaraldehyde,
washed again, and stained with Xgal for 30 min to 2 h at 37°C. Sections were
counterstained with eosin and hematoxylin.
RESULTS
The design of an organ culture suitable for in situ transduction had to
incorporate two requirements: (i) retroviruses require replicating cells
for transduction; and (ii) the vector would need access to progenitor
cells in the basal compartment. It is known that following dermabrasion,
re-epithelialization takes place from remaining follicles and proceeds
through a stage where there is a monolayer of highly proliferative cells
(Morris and Argyris, 1983). To incorporate this into an organ culture,
pig skin was dermabraded and excised to a depth of 1.2 mm with a
keratome, cut into 8 mm circular disks and cryopreserved. As seen in
Fig 1, dermabrasion removed most of the epidermis leaving hair shafts/
follicles and small epidermal remnants intact. Although considerable
variation in re-epithelialization was seen, a general pattern was evident:
within 2–3 d of placing the tissue in organ culture, the denuded surface
was partially covered with a monolayer of migrating keratinocytes
extending outward from hair follicles and from remnants of epidermis
(Fig 1B). By day 5–6 an epithelium covered over µ75% of the surface
but stratification was evident in about half of this epithelium (Fig 1C).
Epiboly was also evident by growth of cells along the edge and
undersurface of the tissue. By day 9–12 the surface was completely
covered with a fully stratified epidermis that had a patchy but well-
defined stratum corneum (Fig 1D). After 12 d in culture, degenerative
changes were seen in the epidermis.
To locate and quantitate replication, organ cultures were pulse
labeled with BrdU and sections stained with an antibody to BrdU-
labeled DNA. Most labeled cells were situated in the basal compartment
(Fig 1F) and the percentage of labeled basal cells ranged from 21.0 to
33.6 during days 2–9 in culture (Table I). Although replicating cells
were evident throughout the period in organ culture, access to these
cells would be restricted at approximately day 5 by stratum corneum
and suprabasal stratification. To investigate replication further, organ
cultures were disaggregated with trypsin and the colony forming
efficiency (CFE) of cells released by the trypsin was measured in
submerged culture. Initially and for the first 6 d, CFE was ,1%, but
after 8–10 d the CFE rose to 1.8%–2.2% (Fig 2). Although clonogenic
cells were present in organ cultures, their numbers relative to the total
population remained low throughout the entire experimental period.
To determine the optimal time for transduction, organ cultures
were infected on their surface with AdlacZ, MFGlacZ, and VSV-G
pseudotyped LZRN at days 2, 3, and 4. Infection was not performed
at later times because on day 5 a significant amount of the re-
epithelializing surface was covered with a stratified epithelium. AdlacZ,
an adenovirus vector encoding the lacZ gene, was included to gauge
maximal transduction as this vector does not require replication of the
target cell. Two days after infection, organ cultures were stained en
bloc with Xgal (Fig 3). AdlacZ transduction produced an intense
staining at all times, whereas MFGlacZ and LZRN transduction
appeared optimal when carried out on day 4. It was also evident that
LZRN was more effective as a transducing agent than MFGlacZ. In
histologic sections stained with Xgal, numerous βgal1 cells were seen
throughout the epithelium in AdlacZ-transduced tissue (Fig 4A) but
not in MFGlacZ- or LZRN-transduced tissue. Very few βgal1 cells
were seen in MFGlacZ-transduced tissue. In LZRN-transduced tissue,
βgal1 cells were more frequent but scattered and isolated (Fig 4B).
In some sections, LZRN-transduced cells were evident as sloughed
tissue, undercut by an ingrowth of nontransduced cells (Fig 4C). It
would appear that few cells were successfully transduced in organ
culture by the retroviral vectors. To assess this directly, MFGlacZ- and
LZRN-transduced organ cultures were disaggregated with trypsin and
the released cells seeded at clonal densities. None of the colonies arising
from these organ cultures stained positive for Xgal (Table II).
The low rate of transduction in organ culture suggested that porcine
keratinocytes were not efficiently transduced by retroviral vectors;
however, when porcine keratinocytes in tissue culture were transduced
with VSV-G pseudotyped LZRN at a multiplicity of infection of 30,
3, and 0.3, the percentage of clonogenic cells transduced was 90.5 6 3.5,
72.0 6 12.7, and 19.5 6 2.1, respectively, indicating that porcine
keratinocytes are readily transduced with pseudotyped retrovirus. In
organ culture, LZRN appeared to be more efficient than MFGlacZ
at transducing keratinocytes. LZRN differed in two respects from
MFGlacZ. First, the titer of LZRN was higher than MFGlacZ (109
colony forming units per ml versus 107 blue forming units per ml),
and second, the receptor for LZRN with VSV-G protein in its
envelope is phospholipid (Burns et al, 1993), whereas the receptor for
MFGlacZ with the amphotropic envelope protein is the phosphate
transporter protein (Kavanaugh et al, 1994). Titer is known to be an
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Figure 1. Re-epithelialization of porcine
organ cultures. Split thickness skin harvested
from dermabraded areas on the backs and flanks
of minipigs was used for organ culture. In (A),
the denuded surface of freshly prepared tissue
is seen. An epidermal remnant is present in this
section. After 3 d (B), a portion of the denuded
surface is covered with a monolayer of cells and
by day 6 (C) the surface is almost completely
re-epithelialized. At day 12 (D), the newly
formed epidermis is stratified with a thin stratum
corneum. For comparison, normal pig skin
is shown in (E). The tissue is stained with
hematoxylin and eosin. In (F, a) 5 d organ
culture has been labeled with BrdU and
immunostained with an antibody to BrdU-
labeled DNA. BrdU-labeled nuclei appear
purple and nonlabeled nuclei appear blue. Tissue
was counterstained with hematoxylin. Scale bars:
(A–E) 100 nm; (F) 33 nm.
Table I. Labeling index of basal keratinocytes in organ
culturea
Day Labeling index (% 6 SD)
2 25.0 6 2.0
4 33.6 6 2.0
6 27.0 6 2.6
9 21.0 6 1.0
(*) 7.0 6 2.8
aLabeling index was determined by incubating cultures for 6 h in BrdU on the days
indicated. Cells incorporating BrdU were identified by histologic staining with an antibody
to BrdU-DNA. (*) The labeling index for basal keratinocytes in areas where the epidermis
was not removed by dermabrasion. This serves as a base line measure of the labeling index.
This experiment was performed twice and the data from one representative set is shown here.
Figure 2. Colony forming efficiency of cells released from organ culture.
Porcine organ cultures were incubated in culture medium as described in
Materials and Methods. At various times, duplicate cultures were disaggregated
with trypsin and known numbers of released cells were seeded in duplicate into
tissue culture dishes. After 14 d, the number of colonies thus formed was
determined and CFE was plotted as a percentage of released cells. Error bars:
6SD. The data are representative of two independent experiments.
important factor in transduction but it was not clear what role the
different envelope proteins played. To gauge the effect of the envelope
protein on porcine keratinocytes, MFGlacZ vector was pseudotyped
with VSV-G and transduction efficiencies of this virus and the
amphotropic MFGlacZ were compared in submerged cultures of
porcine keratinocytes. The results show that at equivalent multiplicity
of infection, MFGlacZ pseudotyped with VSV-G was 3–10-fold
more efficient at transducing porcine keratinocytes than amphotropic
MFGlacZ (Fig 5). The improved performance of LZRN in organ
Figure 3. En bloc staining of transduced porcine organ cultures. Porcine
organ cultures were transduced in duplicate on the day shown in the figure
and 4 d later the tissue was stained with Xgal. One set is shown in the figure.
The transducing viruses were AdlacZ (Ad), MFGlacZ (RV), and LZRN (V-
RV). Specifics of transduction are presented in Materials and Methods.
culture as compared with MFGlacZ is therefore the result of its higher
titer as well as its more efficient transducing properties.
LZRN encodes the gene for G418 resistance. To determine if
selection in organ culture is possible, G418 (400 µg per ml) was added
to organ cultures 2 d following transduction for a period of 5 d. This
resulted in an increase in the number of βgal1 cells seen in histologic
section (Fig 4D), and when the G418-selected organ culture was
disaggregated with trypsin and the released cells plated in tissue culture,
91% of the 158 neor colonies thus formed were βgal1 (Table II).
The small number of neor colonies that failed to express βgal likely
arose as a result of an epigenetic alteration that can occur in retroviral
vectors with an internal promoter (Emerman and Temin, 1984). The
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Figure 4. Microscopy of transduced organ cultures. Organ cultures were
transduced on day 4 with AdlacZ or LZRN and stained with Xgal on day 8.
(A) AdlacZ; (B, C) LZRN; (D) LZRN/G418. This organ culture was transduced
with LZRN, selected with G418 from day 6 to day 11 and cultured in
nonselective medium from day 11 to day 16. Scale bar: 33 nm.
Table II. In vitro analysis of keratinocytes recovered from
transduced organ culture
Transducing virus % βgal1 colonies Total colonies recovered
MFGlacZa 0 653
LZRNb 0 628
LZRN 1 G418c 91 158
aOrgan cultures were transduced with MFGlacZ and 2 d later were disaggregated with
trypsin. All cells released by this treatment were seeded at low cell densities into culture
dishes and the colonies formed after 14 d in culture were stained with Xgal. The percentage
of βgal1 colonies is noted in the first column and the total number of colonies recovered
from two organ cultures is noted in the second column.
bAs above but the organ cultures were transduced with LZRN.
cOrgan cultures were transduced with LZRN; 2 d later they were selected for 7 d with
G418 and were maintained for an additional 5 d in nonselective medium. At that point,
14 d after transduction, the organ culture was disaggregated with trypsin and the cells were
seeded in tissue culture.
Figure 5. Relative efficiency of amphotropic MFGlacZ and MFGlacZ
pseudotyped with VSV in transducing porcine keratinocytes in tissue
culture. Freshly seeded submerged cultures of porcine keratinocytes were
transduced with 500 µl, 50 µl, and 5 µl of virus supernatant containing
amphotropic MFGlacZ at a titer of 3.5 3 107 blue forming units per ml and
VSV-G pseudotyped MFGlacZ at a titer of 4.2 3 107 blue forming units per
ml. The percentage of colonies expressing βgal1 is plotted as a function of
multiplicity of infection. Error bars: 6SD.
epithelium that formed in organ culture following G418 selection did
not stratify and did not appear to undergo differentiation (Fig 4D).
The poor differentiation of G418-selected keratinocytes in organ
culture was initially attributed to a G418-induced loss of dermal
fibroblasts, as the importance of dermis for in vivo growth of
porcine keratinocytes has been well documented (Kangesu et al,
1993a). Attempts to improve growth and differentiation of transduced
keratinocytes by cultivating G418-treated organ cultures in conditioned
medium or by adding viable G418-resistant porcine fibroblasts to the
lower chamber of the tissue insert, however, were not successful (data
not shown). As a control, the surface of organ cultures that had been
devitalized by either lethal doses of γ-radiation or three cycles of freeze/
thaw was seeded with MFGlacZ-transduced keratinocytes. Under these
circumstances the epithelium that formed appeared to grow and
differentiate normally (data not shown). Therefore, the inability of
keratinocytes in transduced and selected organ cultures to grow and
differentiate did not result from a lack of facilitative dermal signals.
DISCUSSION
Although retroviral vectors have been used with considerable success
for transduction in cultured cells, their use as agents for gene transfer
in vivo has been more limited. In vivo transduction of normal tissue has
been reported for hepatocytes in liver (Kaleko et al, 1991; Kolodka
et al, 1993; Rettinger et al, 1994), secretory epithelial cells in mammary
glands (Archer et al, 1994), intestinal epithelial cells (Lau et al, 1995),
satellite cells of skeletal muscle (Fassati et al, 1996), and vascular
endothelial cells (Nabel et al, 1990). The efficiency of in vivo transduction
is disappointingly low, however. Several factors appear limiting: (i) a
target population consisting of a sizeable number of cells, (ii) a target
population in which a large fraction are undergoing replication, (iii)
access to that replicating population, and (iv) viral titer. In the porcine
skin organ culture model used in this study, the requirement for
replication (ii) and the need for access (iii) seemed to be optimally
balanced at day 4 when 33.6% of the cells were labeled with BrdU
and most of the re-epithelialized surface appeared to be a monolayer.
The requirement for high titer (iv) was also optimized with VSV-G
pseudotyped LZRN, which allowed concentration to 109 colony
forming units per ml and more efficient transduction. In spite of this
optimization, in situ transduction efficiency was notably low. What
appeared to be limiting was the size of the target population (i), i.e.,
the number of clonogenic cells in the tissue. A measure of this can be
gleaned from two observations: first, the fraction of cells with clonogenic
potential that could be recovered from trypsin-treated organ cultures
was well below 1% during the period of in situ transduction (Fig 2);
and second, when an LZRN-transduced organ culture that had been
selected for 7 d with G418 and cultured for an additional 5 d in
nonselective medium was disaggregated with trypsin, only 158 trans-
duced colonies could be recovered (Table II). As the transduced cells
must have undergone several rounds of replication during the 12 d
selection and postselection period, the initial number of transduced
cells must have been well below 158.
An issue raised by the results of this study is the cell target for in vivo
transduction. In epidermis, renewal is accomplished by sequential
replication of two progenitor populations, stem cells and transient
amplifying cells (Potten, 1981). In cultures derived from human
epidermis, these two progenitor cell types have different growth
properties: whereas putative stem cells form smooth, large colonies
whose cells have a high CFE, putative transient amplifying cells form
smaller, more irregular colonies whose cells have limited growth
properties and low to nondetectable CFE (Barrandon and Green,
1987). Clonal growth characteristics of porcine keratinocytes in culture
have not been analyzed in detail. The CFE for porcine keratinocytes
is reported to range from 0.12% (Hengge et al, 1997) to 5%–
7% (Regauer and Compton, 1990), but heterogeneity in colony
morphology has not been reported. In the course of our studies, we
did notice two distinct clonal morphologies when the cells were placed
in submerged cultures: in the first and more numerous colony type,
the cells were smaller and had the tight cobblestone appearance usually
associated with vigorous keratinocyte cultures; in the second colony
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type, the cells were larger, flatter, and appeared to replicate more
slowly (data not shown). The CFE was 3.7% (range 2.9%–4.1%) for
cells from small cell colonies and 0.7% (range 0%–1.2%) for cells from
large cell colonies. Subcloning of the small cell clones produced both
varieties of clones, whereas subcloning of the large cell type was usually
unsuccessful. Though we do not have additional supporting data, it is
possible that the small and large cell colonies correspond to stem cell
and amplifying cell populations, respectively. Whatever the origin of
these clonal types, it should be noted that the colonies obtained from
disaggregated organ cultures were of the small and large cell varieties
and colonies obtained from G418-selected LZRN-transduced organ
cultures were also of the mixed variety.
In vivo gene transfer to epidermis for long-term therapy of cutaneous
disorders offers several advantages over ex vivo gene transfer. Chief
among these reasons is the avoidance of surgical transplantation
procedures to return gene-altered autologous cells to the donor.
Before in vivo gene transfer can be realistically considered, however,
improvements must be sought in transduction frequency. This study
has pointed out the importance of four factors for in vivo transduction
of epidermal keratinocytes: (i) optimum retroviral titers, (ii) the use of
vectors pseudotyped with VSV-G envelope protein, (iii) a selective
advantage for transduced cells, and (iv) access to a sizeable pool of
replicating cells. This study has also underscored the necessity to
target stem cells that have the capacity for renewal and complete
differentiation. The importance of targeting stem cells has been pointed
out previously (De Luca and Pellegrini, 1997).
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